Amendment 

Application No. 10/650,035 

In response to September 27, 2005 



Atty. Docket No. 7372/80608 



REMARKS 

Applicants acknowledge the Examiner's careful, independent review of their 
application and offer the foregoing amendments and the following remarks in an effort to 
place the application in condition for allowance. 

An amendment to the substitute specification: 

Applicants amended their substitute specification to correct the spelling of Tosoh. It is 
respectfully requested that this clerical amendment be entered. 

The Amendment to Claim 5: 

Applicants amended claim 5 based on the substitute specification at page 14, lines 4- 
16. The original and substitute specification each disclose MFRR. This amendment avoids 
new matter. It is offered to advance prosecution and resolve issues. Entry is therefore 
respectfully solicited. 

Attachments: 

Attached to this Amendment are copies: a brochure of Tosoh Finhechem, JIS K 7210, 
ASTM-D1238, U.S. Patent No. 6,355,748B1 and U.S. Patent No. 6,787,616B2. The 
materials provide information to confirm the catalyst component in Applicants' Comparative 
Example 5 and to assist the Examiner in re-assessing the applied art in view of Applicants' 
remarks. 
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Clarification Regarding Comparative Example 5: 

Applicants acknowledge the statement in the Office Action that "Applicants' 
Comparative Example 5 discloses PMOA solution was used." This may result from an 
inadvertent transposition of two letters in the remarks presented in the July 7, 2005 
Amendment as explained hereinbelow. Applicants regret any inconvenience to the 
Examiner. 

The statement should correctly read "Applicants' Comparative Example 5 discloses 
PMAO solution was used. Applicants respectfully call attention to their prior Amendment at 
page 6, middle of the page where the statement inadvertently was typed as "Applicants' 
Comparative Example 5 discloses PM OA solution was used (substitute specification page 36, 
lines 6-7; original specification page 36, lines 14-15)." Emphasis added. Applicants again 
respectfully point out the statement should correctly have read "Applicants' Comparative 
Example 5 discloses PMAO solution was used... " not PMOA. The cited passages from the 
original and substitute specification each refer to PMAO , not PMOA. 

This is independently corroborated by the attached brochure from Tosoh Finechem, as 
well as by U.S. Patent 6,355,748B1 at column 11, lines 25-40 and by U.S. Patent No. 
6,787,61 6B2 at column 19, lines 42-43 and column 10, lines 2-3, as examples. From these 
exemplary documents it will be appreciated that PMAO was used in Comparative Example 5, 
and that it's an aluminoxane (e.g., methyl aluminoxane). 



7 



Amendment 

Application No. 10/650,035 

In response to September 27, 2005 



Atty. Docket No. 7372/80608 



Traversing the Rejections: 

Applicants respectfully traverse the rejection of claims 5-8 under 35 U.S.C. § 102(b) 
as anticipated by, or in the alternative, obvious under 35 U.S.C. § 103(a) over U.S. Patent 
No. 5,849,653 (Dall'Occo et al.). 

Applicants also traverse the rejection of claims 1-4 under 35 U.S.C. § 102(b) as 
anticipated by, or in the alternative, obvious under 35 U.S.C. § 103(a) over U.S. Patent 
No. 5,374,700 (Tsutsui et al.). 

Applicants respectfully request reconsideration and withdrawal of the rejections and 
also of their respective rationales as urged in the Office Action. 

It appears that the Examiner is still of the opinion that the catalyst in the cited 
references is substantially identical to one used in the present invention to prepare the 
ethylene and a-olefin copolymer, and based on that hypothesis, has concluded the references 
disclose a resulting ethylene and a-olefin co-polymer possessing the claimed properties. 

The catalysts are, in fact, different. 

Applicants respectfully submit there is no prima facie case of obviousness, nor is 
there basis for the anticipation rejection. 
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The Tsutsui et al. reference describes a component (B) which is known to those 
skilled in the art as an aluminoxane as seen from column 8, lines 51-56. As disclosed in the 
Tsutsui et al. reference, aluminoxane can be produced, for instance, by allowing an 
organoaluminum to react with water or a salt that contains water. Applicants invite the 
Examiner's attention to column 8, lines 59-65. 

The Dall'Occo et al. reference also describes an aluminoxane compound. Even if, 
arguendo, in the Dall'Occo et al. reference, the component (B) comprised of an 
organometallic aluminum compound and water is used, it would have been apparent to those 
skilled in the art that the resulting compound is converted in situ to an aluminoxane. This is 
also independently seen from the above-discussed Tsutsui et al. reference. 

On the other hand, the present claimed copolymer of ethylene and a-olefin can be 
prepared using a different catalyst as disclosed in the present specification at page 17, lines 
18-19, whereby both the copolymer is described and is enabled. As the present specification 
discloses, in a method of feeding the components of a metallocene olefin polymerization 
catalyst that may be used to produce an ethylene-a-olefin copolymer according to the present 
invention, the components can be fed, for example, using (under) an inert gas such as 
nitrogen, argon and the like, or hydrogen, ethylene and the like under condition of no water, 
specification at page 17, third full paragraph, and the original specification at page 17, third 
full paragraph (last one before end of page), as examples. At page 16, Applicants' 
specification discloses an organoaluminum compound is preferably is triisobutylaluminum or 
tri-n-octyl aluminum as disclosed in the substitute specification, page 16, penultimate 
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paragraph, and original specification, page 16, lines 2 and 3 from the bottom. Accordingly, it 
will be appreciated by those skilled in the art that a catalyst useful in making the copolymers 
herein is not necessarily the same as either of the references. 

Applicants respectfully suggest that the premise to each rejection should be 
reconsidered and the rejections withdrawn. 

Contrary to the Office Action, Applicants have provided evidence to rebut the 
premise to the rejection: 

The Office Action includes the statement that "[h]owever, applicants fail to provide 
any experimental data to support that the polymers obtained according to the prior art (the use 
of aluminoxane) will result in a polymer having MFR, MT, [r|] and A not meeting the 
claimed equations. 55 See, Office Action, page 5. 

Applicants respectfully request reconsideration and withdrawal of the rejection. Even 
if there is a prima facie case of either anticipation or obviousness, which is not conceded, 
Applicants respectfully submit the statement in the Office Action is mistaken. 

Applicants respectfully submit Comparative Example 5 rebuts the conclusion that the 
catalyst according to the references could and necessarily would catalyze a copolymerization 
to make the copolymers as claimed herein. 

Applicants respectfully submit their Comparative Example 5 reports the ethylene 
copolymer as claimed could not be obtained using aluminoxane as one component of the 
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metallocene catalyst corresponding to the cited references. Applicants respectfully invite the 
Examiner's attention to their Comparative Example 5, substitute specification commencing at 
page 35 at the third line from the bottom, and the original specification page 36, starting at 
line 6. According to Comparative Example 5, a copolymer did not satisfy the claimed 
properties. The copolymer gives a film having a lot of fish eyes. The copolymer gives a film 
having high haze. The film has insufficient appearance. Applicants' Comparative Example 5 
discloses PMAO solution was used. The Examiner can confirm this by inspecting the 
substitute specification at page 36, such as at lines 6-7 and the original specification page 36, 
such as at lines 14-15. The original and substitute specification each disclose that according 
to Comparative Example 5, the relationship in Formula (3) and the relationship in Formula 
(4), as an example, are not satisfied. See, e.g., specification at page 42. The film that is made 
according to Comparative Example 5 has fish eyes. Id. 

It is also clear from Table 1 in the specification that the ethylene copolymer obtained 
does not satisfy at least the relationship (3) when aluminoxane is used (Comparative Example 
5), instead of an organoaluminum such as triisobutylaliminum as in Examples 1-5. 

Table 1 additionally makes it clear that the ethylene copolymers of Comparative 
Examples 1-5 that do not satisfy the relationship (3) are inferior in transparency. Stated 
another way, films of such copolymers have a high haze value (%). 

Furthermore, the MFRR of 60 or more in amended claim 5 is neither disclosed in nor 
would it have been suggested by Dall'Occo. The copolymers as disclosed in Examples 1 to 
1 1 of Dall'Occo have an F/E within the range of 21.7 to 38.3 as the Examiner will see from 
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Dall'Occo's Table 1 (spanning the top of columns 17-18). The F/E is similar to MFRR as 
seen from column 8, lines 19-26. Herein, F/E may be said to correspond to MFRR because it 
is well known that the test method according to ASTM D-1238 (copy attached) almost 
corresponds to that of JIS K-7210 (copy attached.). Dall'Occo refers to ASTM D-1238 at 
column 8, lines 23 and 25. Furthermore, Dall'Occo does not provide any motivation to 
produce ethylene copolymers having an F/E ratio suggestive of the claim 5 copolymers 
having an MFRR of 60 or more. 

Conclusion : 

Applicants respectfully submit their application is in condition for allowance and 
respectfully solicit a Notice of Allowance. 
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Tosoh Finechem boasts the most up-to-date polymerization catalyst 
production technology available. We have developed aluminum and 
boron type co-catalysts based on well-established alkyl aluminum 
and alkyl metal production technologies. 

Our Ziegler-Natta catalyst production expertise makes supported 
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metallocene catalysts as contract catalysts. 



PMAO^MAOtFptyi^^ roathylaluminaxafw 



Cp^fCl 1 +-{O^AKCH,>>^aA!<C 4 H t l> in '(0'AI(CH J ll)» 



► CpiZrXH, iH^PMAOr 
or CpzZf CH* IHjC-MMAOr 



PMAOor MMAO 



Activated catalyst 



Borano/Borates 



FAB 



[Cp2ZrCH,r[HjC.B<CoF»hr 
Activated catalyst 



CpjZdCH 3 )> + |PhNH(CH 3 hriB[C«F5)4r 
DAN-FABA 



lCparCH3rtB{C«r>)4r + CH* ♦ PhN(CH*h 
Activated catalyst 



TRI-FABA 



JCpzZrCH,)* | B(C«F»M" PhiC-CHj 
Activated catalyst 



http:// www.tosoh-finechem.com/Dolv/ doIv metallocene e.html 



2005/12/01 



Tosoh Finechem Corporation | Polymerization Catalysts 2/2 ^ — i? 

BEST AVAILABLE COPY 



Supported metallocene catalysts Custom ceteiyete 



Equipment 



Support 
SiCh 

Co -catalyst 

MAO or Borane/borates 



Support 

Metallocene complex 



Co-CJstaryat 

MAO or Borano/Borates 



Supported co-catalysts 
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# Co-catalysts for metallocene polymerization catalysts system 



Type Acronym 
Aluminum PMAO 



Chemical formula 

(0-AI(CH3))n- 



Chemical name 
Methyl aluminoxane^ 



(0-Al(CH3))n- 
(0-Al(CH3))m-(0-Al(Bu-i))n 



Borane 
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Testing Method for Melt Flow Rate of Thermoplastics 



1 - Scope 

This Japanese Industrial Standard specifies the testing method for the flow 
rate of thermoplastics for general application. 

Remarks 1 . This method measures the rate of extrusion when molten 

thermoplastics are extruded thrpugh a die pf specified length 
.and diameter under specified temperature and pressure 
conditions. 

s ' ' > ' . 

2. This testing method includes, Method A and Method B, Method A 

. ; X being a manual cutting-off method applicable to materials whose 
H melt flow rates( 1 ) are 0.1 to 25 g per 10 minutes and Method B 
LJ beiiigian automatic time measuring method applicable to 
V \ materials whose melt flow rates( 1 ) are 0 . 50 to 300 g per 10 
f!"'X" nunutes (refer to' Remark of Tajble 3).; 

.. .. ..... — ? i, .« .; ; 

Note; ( 1 ) This means the same as the melt flow indjex shown in 
JIS K 6900 and is expressed !by the i s y m bol MFR . 

3. - [the melt flow properties of high polymers depend oh the rate 

of! shear. The rates of shear; iri^his tes^e extremely lower 
than the rate of shear used in ^s^ual; f brming work , and there- 
fore , precautions shall be taken because for many thermo- 
i-'-'-^iKstfcs the data obtained by this method do; not always correlate 
with the flow behavior: in actual: use of such plastics . -However, 
this method is useful for quality control. : !.•) 

4. The units and numerical values -shown in { } in this standard are 
based on the International Sys item; of Units (Si) and are appended 
for reference. )% ;"? • : i 

2. Definitions : I ; . .:. J ; • ; 

The main terms used in this standard shall be in accordance with JIS K 6900. 

3. Apparatus and Appliances 

3. 1 Apparatus The apparatus used shall basically be an extrusion type 
plastometer which operates at a constant temperature and its general construction 
and dimensions are shown in Fig. 1 . The sample is placed in a metal cylinder 
supported vertically and is extruded through a die by a weighted piston. The 
apparatus shall consist of the following main components: 
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— 573 — 



-K 7210— 



BEST AVAILABLE COPY 



Fig. 1 
Plan 



Test Apparatus 



Unit: mm * 



Plan 



Sample inserting. |iol« 
<fX7.55btO.OOf 



Enlarged view 
of die section 



Piston head 




Heater supporter . 
Die retaining plate - 
Heat insulating plate ' 



- Heater supporter 



3.1.1 Cylinder The cylinder shall be a vertically fixed metal cylinder 
and thermally insulated so as to allow operation at temperatures up to 300 C. 
The cylinder shall be about 160 mm in length and have a sample inserting hole 
of 9.550 + 0.007 mm in diameter and holes for inserting a thermometer and 
temperature adjusting device. The cylinder base shall be covered With a heat 
insulating plate( 2 ) so that the area of exposed metal portions is 4 cm^ or less- 
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Note ( ) It is recommended that the heat insulating plate be made of a 

material to which the extrudate does not stick , for example , a 
plate of polytetraf lubroethylene (approx . 3 mm in thickness) . 

3.1.2 Piston The piston(^) shall be made of metal, have a construction 
to allow a weight to be inserted in the upper portion, and have a heat insulating 
section to reduce the heat conduction from the piston to the weight. The piston 
head shall be 9-474 + 0.007 mm in diameter and 6. 35 ± 0. 10 mm in length and 
the diameter of the portion of the piston above the piston head shall be decreased 
to approx. 9 mm. An upper marked line( 4 ) shall.be scribed shallowly on the 
piston axis at such a position that it agrees with the upper surface of the 
cylinder, when the distance between the^ lower end of the piston head and the upper 
surface of the die is 20 mm, and in addition, a lower marked line at a position 
30 mm below the upper marked line. 

Notes ( 3 ) The piston and the cylinder shall be made of materials of different 
hardnesses. In this case, it is more convenient for maintenance, 
replacement, and the like to select the material of the cylinder 
to be harder than that of the piston. 

Pistons for lighter loads shall preferably be hollow^structured . 
A suitable guide of little friction may also be provided to keep 
the piston vertical during measurement. 

( 4 ) Because the two marked lines show the limits for the working 
length of the cylinder, the cutting off of the sample shall be 
performed within these limits. 

3.1*3 Heating and Temperature Adjusting Devices The heating and 
temperature adjusting devices used shall be capable of adjusting the temperature 
of the sample in the cylinder to within + 0 . 5 °C of the specified test temperature. 
The variation in temperature during the test shall be capable of being maintained 
within + 0.2 °C . - 

3.1-4 Thermometer for Apparatus The thermometer for apparatus, used for 
reading the temperature of the portion of the cylinder close to the die , shall be 
a mercury thermometer or a temperature detector which has been preliminarily 
calibrated so as to be capable of measuring temperatures with a precision of 
+ 0 - 1 °C- A suitable low-melting alloy or silicone oil shall preferably be pro- 
vided between the thermometer and the cylinder wall. 

3.1.5 Die The die shall be made of steel and 8.000 + 0.025 mm in length 
and 9-50. + 0.03 mm in outer diameter. The inner diameter shall be 2.095 + 0.005 
mm and the dimension shall be uniform lengthwise with a tolerance of + 0.005 mm(5), 

Note ( 5 ) The surfaces of the die coming in contact with the sample during 
the test shall all be finished by lapping. 

3.1.6 Weight The weight shall be used for being placed on the upper part 
of the piston to obtain the test load shown in Table 1 . However, the test load 
referred to here shall include the mass of the piston, and its value shall be 
within a tolerance of + 0. 5 °fo . 
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3.2 Appliances 
3.2.1 Tool for Filling Sample in the Cylinder 
3.2-2 Tool for Cutting Extruded Sample 
3-2.3 Appliance for Cleaning 
3-2.4 Stopwatch + 0.1 s precision. 
3-2.5 Balance +0.5 mg precision. 

3.2.6 Calibration Thermometer Capable of measuring temperatures 
correctly to 0. 1 °C . ~ ~ — 

4. Sample 

4.1 Form of Sample The sample used shall, as a rule, be in the form of 
pellets. However, it may also be in the form of powder, granules, aggregates 
or film, if the material can be packed in the cylinder bore. In the case of 
sample in the form of powder or the like, care shall be taken because air bubbles 
may be entrained in the extruded sample if the sample is preliminarily not be 
compressed. 

4.2 Conditioning of Sample The sample shall be conditioned prior to the 
test according to the applicable material standards. If necessary, a stabilizer 
shall also be added. Materials containing volatile matter or hygroscopic 
materials shall be thoroughly dried preliminarily. 

5- Test Conditions . ■ ")'•■ : J 

5.1. As a rule, conditions suitable for the material shall be selected from the 
general test conditions(°) shown in Table 1 - Test conditions generally used for 
respective resins are shown in Table 2 for reference. 

Note (^) Where the application of the conditions shown in Table 1 are not 
suitable , other conditions may be used on agreement between 
the parties concerned. • 
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Condition 
, 1 . .'» ' number 


Test , o^,^ 
• temperature s V v -/ 


Test 
load • 


;:(kgO{N} 


>• 


- • : 1 ,: 


125 


0- 325 


{ 3.19} 




2 


150 


2.16 


{ 21. 18} 


■- 


3 


190 


0. 325 


{ 3.10} 




4 


190 


« 2; 16 


{ 21. 18} 




5 


190 


5. 00 ; 


{ 49.03} 




6 


190 


10.00 


{ 98.07} 


V 


.7, r • . 


190 ^ T 


.: . ; ;2L 60 , . 


^211.82}. 




8 


i 200 . -V -..'V 


5.00 ... 


{ 49: 03} 






200 


10.00 


{ 98. 07} 


t 


10 


: 210 ; 


,10.00 


; { 98.07}, 




11 


220 . 


j 10. 00 f 


{ 98. 07} 


A. 


12 


230 


0. 325 


{ 3.19} 


" 


13 


230 


1.20Q 


{11,77} 




14 


230 








15 


230 


3 80 


{37126} 




16 


230 


5. .00 .. 


{ 49..Q3} 




17 ! 


230 : -; ; r 


10.00, 


{ 98.07} 




18 


275 


0.325 


{ 3.19} 


i 


19 


275 


2. 16 


{21. 18} 




.20 


280 


2.16 


{ 21. 18} 




21 


300 


1.20 


{ 11. 77} 



Table 2. Generally Used Test Conditions for Respective 

...Resins i ; ? . - ■ \ -.--.-».■. : 



Resin 


Applicable conditions 


Polyethylene 


1, 


3, 4, 5, 6, 7 


Et.hylene-vinyl acetate resin 


•<--. ■ 1, 


2, 3, 4 


Polypropylene 


" 4v 


6, 14, 16, 17 


Polyacetal 


4 . 




Cellulose acetate 


4 


8, 13, 15 .': 


Polystyrene 


6, 


ABS resin 


8, 


11, 15 


Acrylic resin 


9, 


10, 13, 14, 15, 17 


Polyamide 


4, 


12, 14, 18, 19 


Polycarbonate 


20, 


21 
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6 - Temperature Calibratio n and Maintenance of App aratus 

quired, they may be cleaned with a solvent. Alternative k • 
atmosphere of approx . 550 °C may also te« S Pri^ , 7 ' burning m a nitrogen 

6 - 4 Alignment of Cy linder It shall hp in C ,l^ , r 
that the cylinder is correctly pJsi^ed vertTc^ ' °™ ^ *™^*> 

7 - Pr ocedure - Method A (Manual Cutting^Off Method) 
The following procedure shall be performed: 

W« r 9 ^^ -per,.™ a, 

are successively carried out «"««, „ ~ ai iacnea. However, where tests 

put on the piston, and force it into the cylinder bv hind XI, ^ ^ llnder - 
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Table 3 



MFR (g/ 10 min) r ; 


Charge weight (g) : 


Time for sampling (s) 


0.1 to 0.5 


•' 3 to 5 .; ['] 


240 ' . 


0.5 to 1.0 


3 to 5 


120 


1 :0 to 3.5 


3 to 5, 


60 


3.5 to 10. 


5 to 8 


30 


10 to 25 


5 to 8 


5 to 15 



Remark: The respective results of measurement may be taken as the MFR 
values, under the conditions of the division of 10 to 25 for the 
sample having MFR > 25, and tinder the conditions of the division 
of 0. 1 to 0. 5 for the sample having MFR < 0. 1 . For sample hav- 
ing MFR values of 0.; 5, 1.0, 3.5 and 10, the next longer sampling 
time shall be adopted . : 

Note (^) The cylinder temperature shall have been restored to the specified 
temperatu^ within 4 minutes of starting the time measurement. 

7-3 Discard the extrudate 6 minutes after preheating. At this moment, 
the lower marked line of the piston shali be positioned directly beneath the upper 
surface of the cylinder(^) . Cut off the extrudate pushed out thereafter when the 
time shown in Table J3 has been reached , and using ttie extrudate as the sample 
to be weighed , provided that it is free from air bubbles , ; weigh it accurately 
to 1 mg after cooling. . , 

Note (8) For sample having large MFR values, the piston rod may be used 
singly/ or with a light weight placed on it, for the earlier period 
of preheating to prevent premature flowing out of the. sample 
during preheating. However, the load shall be changed to the 
normal load after 5 minutes at least. 

. If necessary , a piston retaining rod may- be used. The piston 
retaining rod , used for retaining the test load to prevent the sample 
from flowing out during the preheating period " f shall consist of a 
material having thermal resistance and a low: thermal conductivity 
(for example , phenol resin) , be capable of retaining the piston at 
the position where the lower marked line of the piston is 1 5 mm 
above the upper surface of the cylinder, and have a construction 
capable of being readily detached . If such a piston retaining rod 
is used , the normal load shall be 1 applied from the beginning. 
The piston retaining rod shall be detached after 5 minutes and the 
piston shall be lowered under the self-weight of the piston and the 
weight. >v.-'j - 

For sample having small MFR value, if necessary, the piston 
may be pushed down manually or by other means in such a manner 
that 5 minutes after starting preheating, the lower marked line of 
the piston is positioned 0 to 10 mm above the upper surface of the 
cylinder. 
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7.4 As a rule, the test shall be performed by taking one sample to be weighed 
with each extruding operatic and repeating this operation 

3 times, but alternatively, 3; samples to be weighed may be taken continuously 
durmg one extruding operation(9), A retest shall be. performed if the difference 
it l % ee ? ?° lar ^ st and smallest value of the individual measured" "values exceeds 
15 7° of the mean value or if ^he extriidate contains air bubbles . 

The sample shall be cut joff between, the two marked lines of the piston. 

Note ( 9 ) It shall be decided on agreement between! the parties concerned 
which of these; methods is. to be adopted. 

7 *5 Expression of Results MFR shall be calculated as the mass (g) of the 
sample; extruded in 10 minutes from the following formula:: 

' , ',} MFR (T, M, Ay J 600 X m * V 



where t : measured temperature ( °C) 

Mi test load (kgf) {n } 
~ -s -,.t;...<: ..;> A :, symbol indicating Method A 

»i : mean mass value of cut-off sample (g) 
: : t. : time for taking sample to be weighed (s) ! 

600 : number of seconds for 10 minutes 

The test results shalr be rW^brted by bounding the arithmetical mean of the 
results of 3 measurements to two significant figures in accordance with JIS Z 840 1 

8 ' Procedur e — Method B (Automatic Time Measuring Method) 
8.1 Apparatus ' : "'' r • =•' ^ -V 

8. 1 . 1 The apparatus shall consist of an extrusion type plastometer and 
appliances as mentioned in , 3, , in addition to the following component: 

8-1-2 Automatic Time Measu ring Device This device shall be a device 
which measures electrically or mechanically i the time in which the piston moves 
by the. .specified distance in the plastometer, and shall consist of a timer- 
actuating switch.. . . .. = • : ■ 

The timer-actuating switch shall actuate a timer in response to a piston 
displacement of 4.0 mm for measuring MFR values of 0.50 to 10, and in response 
to a piston displacement of 25.0 mm for measuring MFR value of 10 to 300. 

The timer shall be capable of reading to 0. 1 second. : 
8. 2 Procedure ' ' • 

8.2.1 The procedures other than the following shall be performed as in 7 . 
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8. 2. 2, , Setting of Timer- Actuating Switch The timer-actuating switch shall 
be set so thati the piston operates. at the specified portion of the cylinder . The 
setting of the timer-actuating switch shall be decided so that first, the timer starts 
operation iWhen the lower end of the piston head comes to a poisitioh 5G + 1 . 5 mm 
above the supper; .surface. ;of the die and next., ; the timer stops when the piston 
head is positioned 4. Ot + 0.25 mm below the said position for measuring MFR 
values of O 50 to 10, and 25-0 HhO. 25 mm below the said position for measuring 
MFR values of 10 to 300, Adjustment shall be made so that the time of piston 
movement; is indicated or recorded 3 In both cases, the moving distance shall 
be checked with a precision of 0 . 025 mm i 1 

8.2.3 The sample shall be charged in the cylinder in accordance 'with ; 
Table 4 according to the anticipated MFR value. 



Table 4 



MFR (g/ 10 minutes) 


Charge weight (g). , 


0.5 to 3.5 


, . . 3 to, 5 », VS; „ 


3 . 5 to 300 


5 to 8 



8.2.4 The procedures to be carried out from charging of the 
cylinder to the start of measurement shall be in accordance with 1 . However, 
adjustment shall be made so that the timer actuates after the total preheating 
time of between 6 and 8 minutes . 

8.2.5 The time in which the piston moves over the checked distance shall 
be measured to 0t1 seel 

8.2.6 The test shall be repeated 3 times . A re test shall be performed 
when the difference between the maximum and the minimum values, has exceeded .. ; 
1 5 rfo of the mean value or when the extrudate contains air bubbles . 

8. 3 Expression of Ffesulis MFR shall be calculated as the mass (g) of the 
sample extruded in 10 minutes from the following formula: 

T - measured temperature (°C) 
M : test load (kgf) { N } 

B : symbol indicating Method B v 
L : moving distance of piston (cm) 

P i density of resin at: the test temperature (g/cm 3 )( 10 ) 
t : mean value of time required for piston to move length L (s) 

426 : in the case where the test apparatus is used at it 
stands, [mean value of piston ; and cylinder areas 
(cm 2 ) j x 600 (number of seconds for 10 minutes) 



where 
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The test results shall be expressed in two significant figures by. rounding 
the arithmetical mean of the results of 3 measurements according to JIS Z 8401 . 

Note 0 ) The density. /> (g/cm^) of resin at the test temperature Varies 
., , withr the kind of resin and the test temperature : Although 

suitable published values , ! if available , may be utilized, it is 
recommended that factual measurement be made as follows: 
When the piston moves by 25 - 0 mm , 1 .776 cm^ of resin is ex- 
truded , so that if the mass Wi(g) of this extrudate is measured, 
p is calculated from the formula p = ^/l .776* 

9. Report ^ : • 

The report shall contain information corresponding to the following items: 

(1) Kind of material tested 

(2) Form of sample 

(3) Conditions used for conditioning of sample 

(4) Test temperature and test-load • 

(5) Test method (Method A or Method B) , and in the case of Method A, the 
method of cutting off the sample (refer to 7* 4) - t 

(6) Melt flow rate (MFR) ' • , '. [ ' 

(7) Abnormal behaviors of sample, such as discoloration, ^sticking, dis- 
tortion i of extHiidate, and abnormal variation in melt flow rate (MFR) 

(8) Atmospheric conditions of testing room 

(9) Date of test ' : [ : ^ 

(10) Matters decided on agreement between the parties; concerned 



Flow Testing Method (Reference Test) 



1 . Scope 

This standard specifies the testing method for the flow value of thermo- 
plastics under heavy loads. - 

Remark: This method measures the flow values under heavy load with high 
rate of shearing used during normal forming work. However, 
this method is shown here as a reference test method because it 
is still not so frequently put to general use. 

2 . Apparatus and Appliances 

2 . 1 Apparatus 

2.1.1 A flow testing machine as shown in Reference Fig. 1 shall be used 
for measuring the flow value. 
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The flow testing machine* shall consist of a heating unit for heating the 
sample, a piston capable of applying a specified pressure to the sample, and a 
die through which the sample is made flow out. 

2.1.2 The heating unit shall be provided with a cylinder, die inserting 
section, heat generating element, and temperature adjusting device for adjusting 
the heating temperature . 

2.1.3 The cylinder shall be a metal cylinder of 60 mm in outer diameter 
and 71 mm in length and be provided with a sample introducing hole of 1 1 .329 

+ 0.005 mm in ^3^3^-!- anc y 41 mm | n length, and holes for inserting a thermo- 
meter and a heat sensitive element for temperature adjustment, with the bottom 
of the sample inserting hole fitted with a retainer for retaining a die . 

2.1.4 The die inserted in the bottom of the sample introducing hole of the 
cylinder shall be made of metal and its dimensions and shape shall, as a rule, 
be as shown in Reference Figs. 3 and 4 and have surfaces finished by "lapping. 

I \ 

2.1.5 The piston shall be made of metal and haye a total length of 45 mm, 
with the head being 1 1 .282 + 0.002 mm in diameter and 20 mm in length and 

! o _ : . ; " - 

finished by lapping. The diameter of the portion above the piston head shall be 
10 mm. 

2.1.6 The pressure applied to the piston shall be 10 to 500 kgf/cm 2 {0.98 
to 49.03 MPa } and the specified precision of the test load shall be + 1 ^ of the 
specified value. 

2 .1 .7 The heating unit shall have a construction capable of maintaining the 
cylinder at the , temperature required for the test in its areas within 10 mm of the 
upper surface of the die by a suitable means of heating: 

2.1.8 The temperature adjusting device of the heating unit shall be capable 
of maintaining a constant temperature within a .tolerance of ± 5 °C Jn the range 
of temperature of 80 to 320°C. ; ; . | - ■ -y { 

2.1.9 The scale of the thermometer for the apparatus shall be capable of 
reading to 0 . 5 °C ;and; be preliminarily calibrated to t^ej test temperature in the 
following manner: h > ; 

When the sample is filled in the cylinder and the, temperature indicated by 
the thermometer for apparatus has reached the test temperature,: a calibration 
thermometer shall be ^directly inserted in the is am pie and the temperature of the 
sample measured 1 . The reading of the thermometer for apparatus shall be 
calibrated' 'from the difference between the reading of the Calibration thermometer 
and that of the thermometer for apparatus , and the, temperature of the cylinder 
shall be adjusted so that tjie calibrated reading agrees with the test temperature. 

2.1-10 The apparatus shall be provided with a device which records the 
quantity of lowering of the piston. This recording device shall be capable of 
recording the quantity of the sample which has passed through the die (the 
quantity of lowering of the piston of a given sectional area) as a function of 
time. 
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Reference Fig^ 1 . Flow Testing Machine • 
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Reference Fig. 2. Test Apparatus 

Enlarged View of Die Section 
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Reference Fig. 3- 
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Reference Figi.|4- 



Die B 
Unit: mm 



.:::*»! ,j ■ 

cS 

o 



,f!0 z 



2.2 Appliances 

2.2.1 " Tool for filling sample in the cylinder. 

2.2.2 Appliance for cleaning. 



The sample taken according to the melt flow rate testing method specified 
in the applicable ^ standards ' ■»-. < \ - ; .* . : ^. - ■-. 

4- Test Conditions 

The test temperature , test load and the die shall be decided according to 
the applicable standard or oil agreement between the parties concerned . 

5 . Procedures 

5 - 1 rl Procedures without Gas Removal Operation The following ^ procedures 
shall be performed: u V : i " 

5-1-1 After cleaning( 1 ) the apparatus, maintain the specified, temperature 
for at least 2 minutes with the pistori arid'die attached in 1 place. fi ' 

Note ( ) "The 1 procedure of cleaning 'shall be in accbrdarice with the melt 
flow rate testing method . 

5-1 .2 Place the sample of the charge weight specified in Reference Table 1 
in the piston(^) and firmly tighten the press joint. This packing operation shall 
be*'Coni^l^t^ :> withiii'6]^e"hiiiiiite to prevent ttie J de^aHkti'6Vi"bf''ihW ! saib^le. i Take 
the moment the filling operation is finished as the starting point of preheating 
and start time measurement at this point(^). 
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Notes ( ) While inserting the sample, the piston shall be kept on the heating 
unit to prevent cooling. 

( 3 ) The temperature shall have been restored within 4 minutes from 
starting the time measurement. 



Reference Table 1 



Specific gravity at ordinary 
temperature 


' Charge weight (g) 


Smaller than 1 - 0 


1-2 


1 . 0 or larger 


1-5 



5-1.3 Five minutes after starting preheating, apply the test load via the 
piston and draw a flow curve by taking the lowering quantity of the piston as 
a function of the flowing out time( 4 ) . 

Note ( 4 ) The recording device shall be started about 10 seconds, earlier 
than the application of the test load. As a rule, the recording 
device shall be so operated that the flow curve shows a gradient 
of about 45 degrees when the lowering quantity of the piston is 3 
to 7 mm. 

5-2 Procedures with Gas Removing Operation The following procedures 
shall be performed: x 

5-2.1 The same operation as in 5 - 1 - 1 shall be performed. However, in 
this case a nozzle blocking rod shall be attached. 

5-2.2 Place the sample of the charge weight specified in Reference Table 1 
in the cy Under ( ). . This filling operation shall be completed within one minute 
to prevent the degradation of the, sample ... Taking the moment the filling operation 
is finished as the starting point of preheating, start time measurement at this 
point( :J ). 

5- 2. 3 Three minutes after starting preheating, insert the piston into the 
cylinder and after repeating the application of the test load arid the removal of it 
3 or 4 timesp), let it stand with the load removed( 6 )i 

Notes (^) This operation shall be performed within 1 minute. 

( 6 ) The press joint shall be kept in slight contact with the piston. 

5-2.4 Five minutes and 30 seconds after the start of preheating, remove 
the nozzle blocking rod . 

5-2.5 Six minutes after the start of preheating, perform the same operation 
as in 5.1.3. 

5 . 3 The test shall be repeated 3 times as a rule . 
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6 • Expression of Test Results 

The flow value Q shall be calculated from ; the f olio win g formula and expressed 
in two significant figures by rounding' off According to JIS Z 8401. 

where T : measured temperature (°C) 

M : test load (kgf ) { N } 

■ ; Dd :, diameter of die (mm); } , . : . ; ;> 

Di : length of die (mm) 

: mean value, of the time required for the. piston 
to lower from 3 mm to 7 mm after the start 
. , . of flowing put, under, the. test load (s) 

7- Report , w ; . ...... bxiK .:; 

The reporjt shall contain information corresponding to the following items: 



d 

(2 

(? 
(4 
(5 

( 6 
(7 

(s: 

(9 
(10 



Kind of material tested 

Form of sample , 

Conditions used for conditioning of ,sample,. v/( , ; j , ; . (; 
Test temperature and test load . : . , . . u . . . ; > 

Material quality , diameter and length of die used for test 
Flow value (ml/ sec) 



Abhorrhal behaviors of sample, such as discoloration , sticking, distortion 
of extrudate , and abnormal flow curve 

Atmospheric conditions of testing room 

Date of test .. . ...... 

Other particulars agreed on between the, parties concerned 
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Designation: D 1238 -04c 



Standard Test Method for 

Melt Flow Rates of Thermoplastics by Extrusion 
Plastometer 1 

TOi standard is issued ander the fixed deidgn&li oo D 1238: ihe number immedLMely following the designation indicates the yen or 
original adoption or. in the case of revision the year of last re vision. A number in parentheses indicates tfie veas ofbui reappjovaL A 
superscript epstton (c) indicate* an editorial change eioce the last revision or reapprovaL 



CO 

air* 



SHtD 



, Scope* 

LI This test method covers measurement of the rate of 
xtrusion of molten resins through a die of a specified length 
nd diameter under prescribed conditions of temperature, load, 
nd piston position in the barrel as the timed measurement is 
cing made, 

1.2 Procedure A is a manual cutoff operation based on time 
<ed for materials having flow rates that fall generally between 
.15 and 50 g/10 min. Procedure B is an automatically timed 
ow rate measurement used for materials having flows from 
.50 to 900 g/10 min. By both procedures, the piston travel is 
enerally the same during the timed measurement; the piston 
x>t 5s about 46 and 20.6 ram above the die. Comparable flow 
tfes have been obtained by these procedures in interiaboratory 
>und-robin measurements of several materials described in 
<. 1 . Provision is made for calculation of melt volume-flow 
uc as well as melt mass-flow rate. 

N ote J -—Round-robin testing indicates this test method may be suit- 
ik ai Row rates up to 1500 g/10 min if the timing clock resolves the 
apsed time to the nearest 0.01 s. 

Note 2— This test method and ISO 1133-1991 are technically equiva- 

ut 

1.3 This standard does not purport to address the safety 
-Jncerns, if any. associated with its use. It is the responsibility 
Uht* user of this standard to establish appropriate safety and 

\ mlth practices and determine the applicability of regulatory 
citations prior to use. Specific precautionary statements are 
iven in 5.7, JO.2.12, and 15.1.2. 

. Referenced Documents 
2.1 ASTM Standards: 2 

D 618 Practice for Conditioning Plastics for Testing 

D 883 Terminology Relating to Plastics 

D 3364 Test Method for Row Rales for Poly Vinyl Chloride 



' P 1 ^ test method is oodex the jurisdiction of ASTM Committee D20 on Plastics 
d is the direct sesponaibiKty of Subcommittee D20JD qq Thermal Properties 
°*ion I720.3Q.Q8). 

Cimem edition approved December 1, 2004. Published December 2004. Origi- 
y ^proved in 1965. Last previous edition approved in 2004 as D J 238 - 046. 
referenced ASTM standards, visit the ASTM website, www.astm.org. of 
ASTM Customer Service at scrvice@astm.cTg. For Annua! Book of ASTM 
^dnrdi volume inform alion, refer lo the standard's Document Summary mm on 
^TMtvebsit*. 



with Molecular Structural Implications 
E 691 Practice for Conducting an Interiaboratory Study to 
Determine the Precision of a Test Method 

2.2 ANSI Standard: 
B46.1 on Surface Texture 3 

2.3 ISO Standard: 

ISO 1 133-1991 Deterxniiiation of the Melt-Mass How Rate 
(MFR) and the Melt Volume-Flow Rate (MVR) of Ther- 
moplastics 3 

3. Terminology 

3.1 General: 

3.1.1 For definition of some of the technical terms used in 
this test method refer to Terminology D 883. 

4. Significance and Use 

4.1 This test method is particularly useful for quality control 
tests on thermoplastics. 

Note 3— Polymers having flow rates less than 0.15 or greater than 900 
gMO min may be tested by the procedures in this test method; however, 
preciiion data have not been developed. 

4.2 This test method serves to indicate the unifonniry of the 
flow rate of the polymer as made by an individual process and, 
in this case, may be indicative of uniformity of other proper- 
ties. However, uniformity of flow rate among various polymers 
as made by various processes does not, in the absence of other 
tests, indicate uniformir>' of other properties. 

4.3 The flow rate obtained with the extrusion plastometer is 
not a fundamental polymer property. Il is an empirically 
defined parameter critically influenced by the physical proper- 
ties and molecular structure of the polymer and the conditions 
of measurement. The rheoiogica) characteristics of polymer 
melts depend on a number of variables. Since the values of 
these variables occurring in this test may differ substantially 
from those in large-scale processes, test results may not 
correlate directly with processing behavior. 

4.4 The flow rate of a material may be measured under any 
of the conditions listed for it in 8.2. Additional characterization 
of a material can be obtained if more than one condition is 



' Available from American Nltional Standards Insiirutr (ANSI), 25 W. 43rd St., 
4tb Floor, New York, NY 10056. 



*A Summary of Changes section appear? at the end of this standard. 
^ fvrtgftl CASTU tnrtemai»na». 100 Berr Hattof Or**. PO Box CJP0. Was! OortShchocXen. PA 19428-2959. UnrtwJ States. 
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used. In case two conditions are employed, a Flow Rale Ratio 
(FRR) may be obtained by dividing the flow rale at one 
condition by the flow rate at the other condition. 

5. Apparatus 

5.1 Plastometer. 

5.1.1 The apparatus shall be a dead- weight piston plastom- 
eter consisting of a thermostatically controlled heated steel 
cylinder with a die al the lower end and a weighted piston 
operating within the cylinder. The essential features of the 
plastometer, illustrated in Figs. 1 and 2, are described in 
5.2-5.8. All dimensional measurements shall be made when the 
article being measured is al 23 ± 5°C 

5.1.2 Relatively minor changes in the design and arrange- 
ment of the component parts have been shown to cause 
differences in results among laboratories. It is important, 
therefore, for the best interJaboratory agreement that the design 
adhere closely to the description herein; otherwise, it should be 
determined that modifications do not influence the results. 

5.2 Cylinder — Hie steel cylinder shall be 50.8 mm in 
diameter, 162 mm in length with a smooth, straight hole 
9.5504 :t 0.0076 mm in diameter, displaced 4.8 mm from the 
cylinder axis. Wells for a thermal sensor (thermoregulatory 
thermistor, etc.) and thermometer shall be provided as shown 



H.J mm 



7.1 mm MUM, 2 HOLES, 
tS7 rrur* tl\f 



9.1S0I * m 

atf\. hole: nmouKw 




♦ 0.007 fi mn 



9.4/47 i 0.00/6 




FIG. 1 General Arrangement of Extrusion Plastometer 



. ?.0m i 0.0051 nm 

FIG. 2 Details of Extrusion Plastometer 

in Fig. 1. A 3.2-mm plate shall be attached to the bottom of the 
cylinder to retain the die, A hole in this plate, centered under 
the die and countersunk from below, allows free passage of the 
extrudate. The cylinder may be supported by at least two 
6.4-mm high-strength screws at the top (radially positioned at 
right angles to the applied load) or by al least two 10-mm 
diameter rods screwed into the side of the cylinder for 
attaching to a vertical support. The essentia) dimensions of a 
satisfactory cylinder of this type are shown in Pig. 1 (Note 4). 
The cylinder bore should be finished by techniques known to 
produce approximately 12 rms or better in accordance with 
ANSIB46.1. 

Nors 4 — Cylinders made of SAE 52100 or other equivalent steel 
heal- hardened to 60-65 Rockwell Hardness Scale C give good service 
when used al temperatures below 200°C. Cylinder liners of oobaJt- 
chromium-tung&len alJoy are also satisfactory to 30O°C. 

5.3 Die — The outside of the steel die shall be such diameter 
that it will fall freely to the bottom of the 9.5504 ± 0.0076 mm 
diameter hole in the cylinder (Note 5). The die shall have a 
smooth straight bore 2.0955 ± 0.0051 mm in diameter and 
shall be 8.000 ± 0.025 mm in length. The bore and its finish 
are critical. It shall have no visible drill or other tool marks and 
no detectable eccentricity. The die bore shall be finished by 
techniques known to produce approximately 12 rms or better in 
accordance with ANSI B46. 1 . 

Note 5 — Recommended die material is tungsten carbide. Also satisJao 
eojy are steel, synthetic tapphire, and cobalt -chromium -tungsten alloy. 

5.4 Piston: 
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Mineral gtus Ln relation 
spacer. See Xote A 




Z Groove* required 
• located as ahevm 



insulation Jacket Lrueer tc-d 
ov«r £S Uibe. See Rote A 



WJr« supported teniae SS 
tube 07 slneraL glass 
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d.tai O.D. SS tube bonfied 
to ml or rat glu* Insulation 
ap&cer. SS fjbe shall no: 
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FIG. 3 Example of a Temperature Calibration Device 
Note A — Mineral glass insulation or equivalent spacer shall be bonded to tip and SS tube. Bond material shall be low 
conductivity type, 400°C minimum rating. Insulation jacket material shall be low conductivity type (400 'C minimum rating 
preferred, see Note 5). 

Note B — The RTD shall be inserted into bronze tip and bonded using high conductivity, 400°C rated material. Tip of RTD 
element shall touch the bronze tip. Minimum insertion depth of 11.2 mm clearance between RTD and tip wall shall be rrumnuzed. 



OO 



ax: 



I 

OO 

I 

OO 
OO 



5-4.1 The piston shall be made of steel with an insulating 
bushing at the top as a barrier to heat transfer from the piston 
to the weight. The land of the piston shall be 9.4742 ± 0.0076 
mm in diameter and 6.35 ± 0.13 mm in length. The piston 
design may incorporate means for land replacement, for 
example, having threads and Mats immediately above the land. 
Above the land, the piston shall be no larger than 8.915 mm in 
diameter (Note 6). Ilie finish of the piston foot shall be 12 rms 
in accordance with ANSI B46.1. If wear or corrosion is a 
problem, the piston should be of stainless steel and equipped 
with a detachable foot for ease of replacement. 

Note 6 — To improve standardization it is preferable chat (he piston be 
guided v/ith a loose- fitting metal sleeve at the tap of the cylinder. 

Note 7— Pistons of SAB 52100 steel with the bottom 25 mm, including 
the foot, hardened to a Rockwell hardness, C scale, of 55 to 59 have been 
found to give good service when used at temperatures below 200°C. 

5.4.2 The piston shall be scribed with two reference marks 
4 mm apart in such fashion that when the lower mark coincides 
with the top of the cylinder or other suitable reference point, 
the bottom of the piston is 48 mm above the top of the die (see 
Fig. 1). 

5.4.3 The combined weight of piston and load shall be 
within a tolerance of ±0.5 9b of the selected load. 

5.5 Heater. 

5.5.1 The equipment must have a heater capable of heating 
the apparatus so that the temperature at 10 mm above the die 
can be maintained within ±0.2° C of the desired temperature 
duriog the test. The temperature of the barrel, from 10 nun to 
75 mm above the top of the die, must be maintained within 
£ 1 % of the set temperature (°C). 



Note 8 — At temperatures higher than 200*0 mis degree of temperature 
control may be more difficult to obtain. 

5.5.2 Calibrate the temperature -indicating device by means 
of a light-gage probe-type thermocouple or a platinum- 
resistance temperature sensor having a short sensing length. 4 
The thermocouple should be encased in a metallic sheath 
having a diameter of approximately 1.6 mm With its hot 
junction grounded to the end of the sheath. Insert the tempera - 
Dare sensor into the melt from the top of the cylinder so that it 
is 10 ± 1 mm above the upper face of the die. The temperature 
sensors shall be used with a potentiometer having a sensitivity 
of at least 0.005 mV, or a temperature readout having a 
sensitivity of at least 0.1°C. Calibration should also be verified 
at 75 mm above the upper face of the die. An alternate 
technique for calibration is to use a sheathed thermocouple or 
platinum- resistance temperature sensor with tip diameter of 
9.4 ±0.1 mm for insertion in the bore without material 
present. An example of this is shown in Fig. 3. Calibration of 
the temperature-indicating device shall be verified at each run 
temperature. 

Note 9 — The response of the temperature sensing device may be 
affected by immersion level. Take care to ensure adequate, insulation of the 
device sensor and stabilization of the barrel temperature. 

5.5.3 Heal shall be supplied by electric band heater(s) 
covering the entire length of the cylinder. The heeter(s) may be 



* Round- robin data showing flaw rate and corresponding lempenuuie profile of 
the melt obtained using pro be -type thermocouples and platinum resistance tempera 
lute sensors can be obtained from ASTM Headquarters. Request RR:D2O-l094. 
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single- or multi-element, depending upon the manufacturer's 
control means. The heaters) plus control system must be 
capable of maintaining the temperature within the required 
±0.2°C of the set point. The temperature sensor and readout 
equipment must be calibrated to a traceable national standard 
(that is, NIST) at least once per year. The cylinder with the 
heater(s) shall be lagged with 38 mm of foamed- glass insula- 
tion. An insulating plate 3.2 mm in thickness shall be attached 
to the bottom of the cylinder to minimize heat loss at this point. 

5.6 Temperature Controller — The type of controller and 
sensor must be capable of meeting the required control 
tolerance specified in 5.5.1. 

5.7 Thermometer — Thermometers having a range of 4°C 
graduated in 0.2° C divisions may be used to indicate tempera- 
ture. The temperature at this point may not necessarily be the 
temperature of the material 10 mm above the die. The 
thermometer may be used to monitor indirectly the temperature 
of the material 10 mm above the die and may be calibrated by 
reference to a thermocouple or platinum resistance temperature 
sensor inserted in the material 10 mm above the die. See 5.5.2 
for a description of a method for measuring temperature. 
(Warning— Caution should be observed with the use of a 
mercury-filled thermometer. Mercury vaporization occurs if 
the thermometer is broken. Mercury thermometers are not to be 
used at or above the boiling point of mercury, which is 357°C) 

5.8 Level — Provision shall be made for vertical alignment 
of die bore of the extrusion plastometer. This is necessary to 
minimize subtracdve loads resulting from rubbing or friction 
between the piston tip and sidewall. Means of alignment are 
discussed in Appendix XI. 

5.9 Accessory Equipment — Necessary accessories include 
equipment for charging samples to the cylinder, a funnel, a die 
plug, a tool for cutting off the extruded sample, a timer or stop 
watch, cleaning equipment, go/no-go gages, a balance accurate 
to ±0.001 g, and, when required, a weight or weight-piston 
support. 

Note 10 — Satisfactory operation of the apparatus for polyethylene! can 
be ascertained by making measurements on NIST Standard Reference 
Materials (SRMs) certified for melt flow rale. The four SRMi certified 
under condition 19072.16 are SRM 1473 with a flow rate of 1 29 g/mio, 
SRM 1474 wilh a flow rate of 5.03 g/10 min, SRM 1496 with a flow rate 
of 0.26 g/10 min, and SRM 1497 with a flow rate of 0,19 g/10 min. SRM 
1475a is certified nnder condition 19073.25 with a flow rare of 2.20 g/10 
min. 5 

6. lest Specimen 

6.1 The test specimen may be in any form that can be 
introduced into the bore of the cylinder, for example, powder, 
granules, strips of film, or molded slugs. It may be desirable to 
preform or pellen'ze a powder. 

7. Conditioning 

7.1 Many thermoplastic materials do not require condition- 
ing prior to testing. Materials which contain volatile compo- 
nents, are chemically reactive, or have other special character- 



3 These wandard polyahykoes ixe available from the National Institute of 
Standards &ivd Technology. Office of Standard Reference Materials* Washington, DC 
20234. 



istics most probably require appropriate condilit 
procedures. Moisture not only affects reproducibility of 
rate measurement but, in some types of materials, degrac 
is accelerated by moisture at the high temperatures us 
testing. Check the applicable material specification fo. 
conditioning requirements before using this test See Pr. 
D 618 for appropriate conditioning practices. 

8. Procedural Conditions 

8.1 Standard conditions of test are given in Table 1 

conditions shall be shown as: Condition / , whe 

temperature in degrees Celsius is shown first, followed t 
weight in kilograms. For example: Condition 190/2.16. 

8.2 The following conditions have been found satis ft 
for the material listed: 

Material Condition 



Acetate (oqpotymer and hofnopofyme>) 


190/2.16 


190/ 


Acryfics 


230/1.2 


230/ 




200/5.0 


230/ 




220/10 




Acfykxvtii ite/bui adte na&tyrfin eW)po lys&rbortsto 


230/3.8 


250/ 


Mends 


265/3.8 


265/ 


Cefluloss o&tBfs 


t$pyrj.325 


ISO/ 




190/21-60 


210/ 


Ethyane-ditoratriiuaroeVtytene copolymer 


271.S/2.16 




Etrrytene-tetrafluoraethytene copolymer 


297/5.0 




Nylon 


275/0.325 


235/ 




235/2.16 


235/ 




275/5.0 




PerffucKC^ ethylene- rxopyter**) oapotyror 


372/2.16 




ParfKjotoalkoxyalkane 


372/5.0 




Poryeap roteclone 


12S/2.16 


S0/2 


Poychtarotn^uaremylene 


265/123 




PoJyether sutfone (PES) 


380*2.16 


360/ 




343/2.16 




Polyethylene 


125/0.325 


125/ 




250/12 






I90/D.325 


190/ 




190/21.60 


190/ 




310/123 




Polycarbonate 


300/1.2 




PoryrnonoctAjfotrinLfC^oeUi^eoe 


265/21.6 






265/31.6 




Poty propylene 


230/2.16 




Polypheny! sutfone (PPSU) 


365/5.0 


380/ 


Polystyrene 


200/5O 


230/ 




230/3.8 


190/ 


Potysutfbfte (PSU) 


343/2. 16 


380/ 


Poryterephthalate 


250/2.16 


210/ 




285/2.16 




Poryfvlnyl acelal) 


15G#1j6 




Porytvtnyfldene fluoride) 


230/21.6 






230/5.0 




Poty(phany5ene stffkte) 


315/5.0 




Styrene acrytonrtrte 


220/tO 


230/ 




. 230/3.8 




Sty rente Trermopastfc Elastomer 


19072.16 


200/ 


TheimopJastfc Elasto Tie r-Etner- Ester 


190#.16 


220/ 




230/2.16 


240/ 






250/ 


Tnermopfasllc elastomers (TEO) 


230/2.16 




VInyJderve fluoride copolymers 


230/21.6 






230/5.0 





tor T m = 100* ubo 120/5.0 or 



Note 11 — Some materials may require special materials of cca 
don or handling for performing this test. Please refer to the it 
specification for appropriate recommendations. 

8.3 If more than one condition is used and the mate) 
polyethylene, the determination of Flow Rate Ratio (FR1 
been found to be useful. The FRR is a dimensionless m 
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TABLE 1 Standard T«st Conditions, Temperature, end Load 



Con rift on 


Temperature, *C 






/^j-^iiLfAinvwo rioysm 


Standard Designation 


Total Load tncfcrfing Piston, kg 


kPa 


psl 


60/2.16 


60 


2.16 






125/0.325 


125 


0.325 


A A ft 


6.5 


125/2.18 


125 


2.16 




43.25 


150/2,16 


150 


9 1fi 
<.1D 




43.25 


19O/0.325 


ISO 


0 325 


Q 


63 


190/2.16 


150 


2.16 




43.25 


1 prV9t GO 

* c-L*r *- i.uv 


190 


91 Aft 




432.5 


2DOJ5 0 


200 


9lV 


689.5 


100.0 




cou 


1.2 


165.4 


24.0 




230 




524.0 


76.0 




265 


12.5 


1723.7 


250.0 




275 


0.325 


44.8 


6.5 


230/2.16 


TV) 




299.2 


43.25 


190/1.05 


ion 


I.UO 


144.7 


21.0 


1 on/in fi 


190 


1 0-0 


1379.0 


200.0 


300/1.2 


300 


1.2 


165.4 . 


24.0 


1 9075.0 


190 


C ft 


689.5 


100,0 


235/1.0 




l.V 


133.2 


20.05 


23SG.16 


235 


2.16 


296.2 


43.25 


235J5.0 


235 


5.0 


660.5 


1000 


250/2.16 


250 


2.16 


296.2 


43.25 


310/12.5 


310 


12.5 


1723.7 


250.0 


21072.16 


210 


2.16 


298 2 


.43.25 


285/2.16 


2B5 


2.16 


298.2 


43.25 


315/5.0 


315 


5.0 


6693 


100.0 


372/2.16 


372 


2.16 


298.2 


43.25 


372/50 


372 


5.0 


669.5 


100 


297/5.0 


297 


SO 


669.5 


100 


230/21.6 


230 


21.6 


29B2.2 


432.5 


230/50 


230 


5.0 


669.5 


100 


265/21.6 


265 


21.6 


2982.2 


432.5 


265/31.6 


2B5 


31.6 


4361.2 


6323 


271.5/2.16 


271.5 


2.16 


296.2 


43.25 


220/10 


220 


10.0 


1379.0 


200.0 


250/12 


250 


12 


165.4 


24 J) 


265/34 


265 


3.6 


524.0 


76.0 


265*5 


265 


5.0 


689.5 


100.0 



derived by dividing the flow rate ai Condition 190/10 by the 
flow rate at Condition 190/2.16. 

Ncie 12 — When determining such a ratio of flow rates for a material al 
die . .same temperature under differed loads, il has been found that 
precision is maximized when one operator uses one Procedure (A or B), 
i he same p las to meter, and the same die for both measurements (the die 
need not be removed from the pfasto meter between the two determina- 
tions). 

9. Procedure A — Manual Operation 

9.1 Select conditions of temperature and load from Table. 1 
in accordance with materia] specifications such that flow rates 
will fall between 0.15 to 50 g/10 min. 

9.2 Ensure that the bore of the extrusion plastoraeter is 
properly aligned io the vertical direction. (See Appendix XI.) 

9.3 Inspect the apparatus and die for cleanliness. If it is not 
clean, see 9.11. 

Note 13— The degree of cleanliness can significantly influence the 
flow rate results, therefore a thorough method of cleaning must be 
established. Il has been found chat three swahs of the barrel is satisfactory 
for most materials and that the die» barrel, and piston are more easily 
cleaned while hot 

9.4 Check the die bore diameter with appropriately sized 
no-go/go gages prior to testing. Make frequent checks to 
determine whether the die diameter (tested with die al 
23 ± 5°C) is within the tolerances given in 5.3. 



Notts 14 — Cleaning and usage can result in a die diameter thai is out of 
specifications. Data has shown that erroneous results will be obtained if 
the die diameter is not within the appropriate tolerances. 

9.5 Verify that the temperature is stable and within ±0.2*C 
of the appropriate test temperature as specified in 5.5.1 - 

9.6 Insert the die and the piston. The temperature of the 
cylinder with the piston and die in place must be stable at the 
appropriate test temperature 15 min before testing is begun. 
When equipment is used repetitiously, it should not be neces- 
sary to heat the piston and die for 15 min. 

Note 15 — The reduction in heating time when the unit is being used 
repetitious ly is only allowed when runs of the same or similar material are 
being measured over a continuous time frame. If the piston and die are 
removed and cleaned, they should be considered "cold** and the full 15 
minutes heating stabilization time required. 

9.7 Remove the piston and place it on an insulated surface. 
Charge the cylinder within 1 min with a weighed portion of the 
sample in accordance with the expected flow rate, as given in 
Table 2. Reinsert the piston and add the appropriate weight. 

Note 16 — Experience has shown that for the best reproducibility the 
piston should operate within the same part of the cylinder for each 
measurement. The piston is scribed so the starting point for each extrusion 
is roughly die same. Some excess of material over the minimum required 
for the actual flow measurement portion of the test is provided by the 
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TABLE 2 Standard Test CondHteofi, Sample Mats/ and Testing 
Tfma° 



<7V» 

CO 

njr- 



CO 

OJ 



I 

CO 
fO 

I 

oo 

CO 



&S2 

CO 



3 



Flow Range. 


Sugg as led Mass of 
Sample in Cytfrxfer. 
9 


Time Inter- 
val, min 


Factor f<x 
Obtaining Flow 
Rate In g/t0min 


0.15 to 1.0 


2.5 lo 3 0 


6 00 


1.67 


>1.0 to 35 


3.0 lo 50 


3.00 


333 


>as to io 


4.0 So 8.0 


1.00 


10.00 


>10k>25 


4.0 lo 8 0 


0.5O 


20.00 


>25 


4.0 lo 8.0 


0.26, 


4000 



A This Is a suggested macs for materials wtth mall dansittefi ol about 0.7 a/cm 3 . 
Corresponding stealer quantities are suggested kv materials ol gn&alar meJt 
densities. Density of l be mo ton rasVi (without filer) may be obtained using the 
prooedute described by Terry, B. W„ and Yang. K.. 'ANewMetbod tot Delermfning 
Men Density as a FiBxUon of Pressure and Temperature,* SPEJoumai, SPEJA, 
Vol. 20, No. 6, June 1 964. p. 540 or Ihe procedure descnDed by ZoUat, Pau*. The 
Pressure- Volume-TernperBture Pcopertlee of Poryotefins,* Journal ot App&ed Poly- 
mat Science, Vol 23, 1979. p. 1051 . n may abo be obtained from lha wefght of an 
extruded known volume of resin at the desired temperature. For example, 25.4 mm 
(1 In.) of piston movement extrudes 1 .604 cm 8 ol resin. An estimate of the density 
of the matet fal can be calculated bom the following equation: 
resin density at last temperatuto = A71.604 



where: 

M - mass of extruded resin. 
a Seo 9.14. 



charging weights shown in Table 2. This is necessary to achieve a 
void-free extrudate and flow equilibrium before start of rate measure- 
ments. 

Note 17 — It is frequently helpful to take interim cuts of the cxtrudatc 
at uniform time intervals during the specified extrusion time. Weights of 
these individual cuts give an indication of the presence of bubbles which 
may be masked due to their size or to opacity of the sample. This 
technique is psrticoJaiJy helpful in the case of highly pigmented materials. 
Forcing out seme of the resin manually during the preheat period often 
elirninates bubbles in the test extrudate. 

9.8 Allow time for the material to soften and begin to melt, 
and then purge some material to a position such that subse- 
quent travel of the piston will position the lower scribe mark at 
the reference start position 7.0 ± 0.5 min from the completion 
of the charge. Purge must be completed at least 2 min prior to 
start of the test for materials having melt flow rates less than 10 
g/10 min. 

Note. 18 — U has been found that purging within 60 i of the start time 
will result in higher variability io the data. 

Note 19 — There may be cases where the 7.0 ± 0.5 min is too much or 
not enough preheat time. For those materials, provisions must be in the 
material documents. It is necessary to refer to the appropriate material 
document before beginning any tesL 

Note 20 — Additional care may be necessary to prevent thermal degra- 
dation in the extrusion plasiometer. This is sometimes done by the addition 
of an appropriate antioxidant. For highly unstable materials, it may be 
necessary to use alternative tecbruques as an indication of flow charac- 
teristics. 

9.9 For materials with flow rates greater than 10 g/10 min. 
a weight (and if needed, a piston) support must be used after 
the initial purge. The support shall be removed ai such a time 
as to allow the test to begin within 7 ± 0.5 min of the 
completion of the charge. The piston/weight support should be 
of such a length that the lower scribe mark of the supported 
piston/weight will be 25 mm above the top of the guide 
bushing or other suitable reference mark. 

Note 21 — It has been found that the effect of choosing plugging. 



weight support, or both, is significant to the flow rate results. The choice 
of piston support was made to cover all conditions and flow rates 10 to 50 
g/10 min. 

9.10 For all tests, start collecting a rimed extrudate when 
requirements for the piston position are met, provided this is 
within 7.0 ± 0.5 min from the end of charging; otherwise, 
discard the charge and repeat the test with readjusted piston 
position after the initial purge, or change weights. Require- 
ments are that the top scribed mark on the piston be visible 
above the cylinder or index and that the lower scribe mark be 
in the cylinder or below the index. As the lower scribed mark 
approaches the top of the cylinder oi index, reset the timer to 
zero, then simultaneously start the timer and make the initial 
cut-off when the position requirements are met. Make the final 
cut-off exactly when the time interval given in Tabic 2 is 
reached. Collect the timed exrrudate. If the extrudate contains 
visible bubbles, discard the complete charge and begin the test 
again. 

Note 22 — The charge weight should only be increased if no material is 
being purged and there is still not enough material to complete (he test. 

9.1 1 Discharge the remainder of the specimen and push the 
die out through the top of the cylinder. Swab out the cylinder 
with cloth patches after the manner of cleaning a pistol barrel. 
The die may be cleaned by dissolving the residue in a solvent. 
A better method is pyrolytic decomposition of the residue in a 
nitrogen atmosphere. Place the die in a tubular combustion 
furnace or other device for heating to 550 ± 10°C and clean 
with a small nitrogen purge through the die. This method is 
preferable to flame or solvent cleaning, being faster than 
solvent cleaning and less detrimental to the die than an open 
flame. In certain cases where materials of a given class having 
similar flow characteristics arc being tested consecutively, 
interim die cleaning may be unnecessary. In such cases; 
however, the effect of cleaning upon flow rate determination 
must be shown to be negligible if this step is avoided. 

9.12 Once the extrudate is cool, weigh to the nearest 1 mg. 

9.13 Multiply the weight of the extrudate by the appropriate 
factor shown in Table 2 to obtain die flow rate in grams per 10 
min. 

Note 23 — Frequently, errOTS in test technique, apparatus geometry, or 
rest conditions, which defy all but the most careful scrutiny exist, causing 
discrepancy in flow rate determinations. The existence of such errors is t 
readily determined by periodically measuring a reference sample of • 
known flow rate. The flow rate Value and range to be tolerated can be 
determined using a statistic ally correct rest program composed of multiple - 
determinations with various instruments Standard samples of polyeihvl- ; 
ene» linear or branched, are available from the National Institute of J 
Standards and Technology. ) 

9.14 In case a specimen has a flow rate at the borderline of } 
the ranges in Table 2 and slightly different values are obtained j 
at different time intervals, the referee value shall be obtained at. \ 
the longer time interval. | 

10. Procedure B — Automatically Timed Flow Rate £ 
Measurement | 

10.1 Apparatus:' 

10.1.1 Extrusion plastometer and auxiliary equipment are 
detailed in Section 4 and below. 



276 



i 

M 

s 



BEST AVAILABLE COPY 



D 1238 -04c. 



UH0 



CD 



I 
I 

oo 

CO 



1^ 



m 

MP 



10.1.2 A timing device shall electrically, optically, or me- 
chanically time piston movement within the specified travel 
range. The requirements of (he system are as follows: 

10.1. 2 J Sense and indicate the piston travel time within 
ztO.01 s (see Note I). 

10.1.2.2 Measure piston travel within ±0.4 % of the nomi- 
nal preset value (see 10.1.2.4 and 10.1.2.5) for use in the flow 
rate calculations. 

10. 1 .2.3 Any effects on the applied load must be included in 
the allowable tolerance given in 5.4.3. 

10.1.2.4 It should be preset or be settable for measuring 
piston travel of 6.35 ± 0.25 mm for flow rates up to 10 g/10 
min. 

10.1 .2.5 It should be preset or be adjustable for measuring 
piston travel of 25.4 ± 0.25 mm for flow rates greater than 10 
g/10 min. 

10.1.2.6 Tb ensure high interlaboratory reproducibility, it is 
important that the tuning device operates within a fixed portion 
of the cylinder. This is defined as the portion of the cylinder 
between 46 ± 2 mm and 20.6 :£ 2 mm above the top of the die. 

10.1.2.7 Check die, cylinder, and position dimensions for 
conformance to 5.2-5.4 and Figs. I and 2. 

10.2 Procedum 

10.2.1 Refei to Table 1 for selection of conditions of 
temperature and load in accordance with the material specifi- 
cation. 

10.2.2 Check the die bore diameter with appropriately sized 
no-go/go gages prior to testing. Make frequent checks to 
determine whether the die diameter (tested with die at 
23 ± 5°C) is within the tolerances given in 5.3 (see Note 14). 

10.2.3 Ensure that the bore of the extrusion plastometer is 
properly aligned in the vertical direction (see Appendix XI). 

10.2.4 Inspect the apparatus and die for cleanliness. If it is 
not clean, see 9.11 and Note 13. 

10.23 Checfc the die bore diameter with appropriately sized 
no-go/go gages before beginning the test. Make frequent 
checks to determine whether the die diameter is within the 
tolerances given in 5.3 (see Note 14). 

10.2.6 Verify that the temperature is stable and within 
±0.2°C of the appropriate test temperature as specified in 
5.5.1. 

10.2.7 Insert the die and the piston. The temperature of the 
cylinder with the piston and die in place must be stable at the 
appropriate test temperature 15 min before testing is begun. 
When equipment is used repetitiously, it should not be neces- 
sary to heat the piston and die for 15 min. 

TABLE 3 Factors for Calculation of Flow Rale 



Mateifel 
(Unpigmented) 


Tempera- 
ture. *C 


Piston Travel, 
L. cm tin.] 


Factor tor 
Calculation of Flow 
Rale, F* 


Potyeihylene 


1S0 


Z54(l) 


826 


PofyeJhylene 


160 


0.635 (0.25) 


207 


Polypropylene 


230 


2.54 ft] 


799 


Polypropylene 


230 


0.636 [0.25] 


200 



A Factors calcinated" using mett-dens'rty values of 0.7636 gtem 3 tor polyethylene 
ar»d 0.73B6 c/cnv* lor polypropylene, as expressed In artfcte by Zofler, Paul, The 
Pressure-VoUme-Tempfiralure Properties of Pctyotefins,' Jaumat of AppfrxJ Poty- 
mor Science, Vert 23, 1979. P. 1051. The base densities at 23'C torvrtilch the melt 
densities are reported were 0.917 c/dm* lot annealed low-density polyethylene 
arvi polypropylene bornopotyroar. 



10.2.8 Adjust the travel arm to 6.35 ± 0.25 mm for mea- 
suring materials with expected flow rales of up to 10 g/10 min 
or 25.40 ± 0.25 mm for measuring materials wilh expected 
flow rates of 10 g/10 min or higher. 

Note 24 — It has been found thai for some materials the molt flow rates 
obtained on a material will be different depending on which timer length 
is chosen; therefore, it is important to adhere to the protocol in 10.2.8 to 
compare interlaboratory results. 

10.2.9 Remove the piston and place it on an insulated 
surface. Charge the cylinder within 60 s with a weighted 
portion of the sample in accordance with the expected flow 
rate, as given in Table 2. Reinsert the piston and add weight 

10.2.10 Allow time for the material to soften and begin to 
melt, and then purge some material to a position such thai 
subsequent travel of the piston will position the lower scribe 
mark at the. reference start position 7.0 ± 0.5 min from the 
completion of the charge. Purge must be completed at least 2 
min prior to start of the test for materials having melt flow rates 
less than 10 g/10 min (see Note 18). 

10.2.11 Weight and piston support, if needed, must be used 
after the initial purge. The support will be removed at such a 
time as to allow the timer to activate within 7.0 ± 0.5 min after 
completion of the charge. If the timer is not activated within 
7 ± 0.5 min after the completion of the charge, the test must be 
repeated with readjusted piston position after the initial purge, 
or change weights. The piston/weight support should be of 
such a length that die lower scribe mark of the supported 
piston/weight will be at least 25 mm above the top of the 
cylinder. Only use piston support if there is excessive material 
flow (see Notes 21 and 22). 

10.2.12 For materials greater than 50 g/10 min a die plug 
must be used in addition to the piston/weight support The die 
plug is inserted before charge and is removed prior to removing 
the piston/weight support The initial charge should be adjusted 
to reduce excess flow. If the timer arm is not activated within 
7 ± 0.5 min after the completion of the charge the test must be 
repeated with readjusted piston position, or change weights 
(see Notes 21 and 22). (Warning — Rapid expulsion of mate- 
rial when die plug is removed may be hazardous.) 

10.2.13 If the timed extrudate contains visible bubbles, 
repeat the test (see Note 23). 

10.2.14 Record the time to the nearest 0.01 s for the piston 
to complete the calibrated distance of travel. 

10.2.15 Discharge any remaining resin and clean the die, 
piston, and cylinder as detailed in 9.U. 

11, Procedure C— Automatical ty Timed Flow Rate 
Measurement for High Flow Rate Polyoleftns Using 
Half-Height, Half Diameter Die 

11.1 Apparatus: 

11.1.1 Extrusion plastometer and auxiliary equipment are 
detailed in Sections 5 and 10. 

1 1 . 1 .2 For polyolefins with a MFR of 75 or greater usiog the 
standard die (See 5.3), an alternate die can be used to reduce 
the flow rate of these materials and improve the reproducibility 
of results. The alternate die dimensions shall be: Height 4.000 
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± 0.025 mm; bore diameter 1.048 ± 0.005 mm. No spacer 
shall be used with this die. Bore, and finish requirements are the 
same as 5.3. 

11.1.3 For calibration of the temperature indicating device, 
5.5.2 shall be used with the variation mat temperatures arc 
measured at 14 ± 1 mm and at a nominal 79 mm above the 
upper surface of the die. 

11.1.4 If a thermometer as described in 5,7 is used to 
indicate temperature, it can be used to monitor indirectly the 
temperature of the material 14 mm above the upper surface of 
the die and may be calibrated via 11.1.3. 

11.2 Procedure: 

11.2.1 Use procedure described in 10.2 with the exception 
that the die diameter and tolerances are given in 11.1.2. 

12. Calculation (Procedures B and C) 

12.1 Calculate tbe flow rate in grams per 10 min or volume 
rate in cm 3 per 10 min as follows (see Note 23): 

Flow /ate = (426 XLX<fyt 

or 

Volume rate - 426 X Ut 



where: 
L = 
d = 

/ = 
426 = 



length of calibrated piston travel, cm. 
density of resin at test temperature, g/cm 3 (see refer- 
ence under Table 2), 
time of piston travel for length L> s, and 
mean of areas of piston and cylinder X 600. 

Note 25 — Factors that may be substituted in the following equation arc 
given for some materials in Table 3. 

Flow tate, g/10 min = Fit 

where: 

F = factor from Table 3, and 

/ = time of piston travel for length L, s. 

12.2 Agreement between Procedures A and B may be 
optimized if an average melt density for a particular type of 
material is determined with the actual equipment used and that 
value is substituted into the equation given in 12.1. 



13. Procedure D — Multi- Weight Using Automatically 
Timed Flow Rate Measurement 

13.1 Apparatus: 

13.1.1 Extrusion plastometer and auxiliary equipment are 
detailed in Section 4 and below. 

13.1.2 A timing device shall electrically, optically, or me- 
chanically time piston movement within the specified travel 
range. The requirements of the system are as follows: 

13.1.2.1 Sense and indicate the piston travel tune within 
±0.01 s (sec Note 1). 

13. 1.2.2 Measure piston travel within ±0.4 % of the nomi- 
nal preset value for use in the flow rate calculations. 

13. 1.2.3 Any effects on the applied load must be included in 
the allowable tolerance given in 5.4.3. 

13.1.2.4 To ensure high interlaboratory reproducibility, it is 
important that the timing device operates within a fixed portion 
of the cylinder. This is defined as the portion of the cylinder 
between 46 ± 2 mm and 20.6 ± 2 mm above the top of the die. 

13.1.2.5 Check die, cylinder, and position dimensions for 
conformance to 5.2-5.4 and Figs. 1 and 2. 

13.2 Procedure: 

13.2.1 Refer to Table 1 for selection of conditions of 
temperature and loads in accordance with the material speci- 
fication. 

13.2.2 Check the die bore diameter with appropriately sbted 
no-go/go gages prior to testing. Make frequent checks to 
determine whether the die diameter (tested with die at 
23 ± 5*C) is within the tolerances given in 5.3 (see Note 14). 

13.2.3 Ensure that the bore of the extrusion plastometer is 
properly aligned in the vertical direction (see Appendix XI). 

13.2.4 Inspect the apparatus and die for cleanliness. If it is 
not clean, see 9.11 and Note 13. 

13.2.5 Check the die bore diameter with appropriately sized 
no-go/go gages before beginning tbe test Make frequent 
checks to determine whether the die diameter is within the 
tolerances given in 5.3 (see Note 14). 

13.2.6 Verify that the temperature is stable and within 
±0.2°C of the appropriate test temperature as specified in 
5.5.1. 
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TABLE 4 Precision, Procedure A (Values In 


©/to min) 






Matenat 


Condition 


Average 






If 




Number ol 
Laboratories 


Poryetrrytene 


190/2.16 


0.27 


0.006 


0.022 


0.023 


0.063 


9 


Poryethytene 


190/2-16 


0.40 


0.012 


0.038 


0.035 


0.10B 


9 


Polyethylene 


190/2.16 


2.04 


0.026 


0.079 


0.073 


0.224 


9 


Polyethylene 


190*2.16 


44.1 


0.819 


1.232 


2360 


3.4 86 


7 


Polypropylene 


230/2.16 


223 


0.106 


0226 


0.299 


0.639 


9 


Polypropylene 


230/2.16 


7.09 


0.222 


0,471 


0327 


1.381 


9 


Polypropylene 


230/2.16 


32.6 


0381 


1.061 


1.644 


2.974 


. 9 


Polystyrene 


20CV5 


1.67 


0.024 


ai22 


0.O88 


0.344 


6 


Polystyrene 


200/5 


8.82 


0.190 


0.667 


0338 


1.686 


6 


Polystyrene 


200/5 


13.3 


0.3O5 


0.925 


0364 


2.617 


6 


Polycarbonate 


300/1.2 


241 


0.076 


0.115 


0215 


0.326 


4 


Porycarbonale 


300/1.2 


10.5 


0.429 


0.647 


1.215 


1.830 


4 


Polycarbonate 


300/1.2 


16.2 


0.155 


1.109 


0.438 


3140 


4 


Aciyflc 


230/3.8 


2 59 


0.061 


0.O51 


0.145 


0.145 


3 



A $ r = wahVHaboraloo/ standard deviallon of the overage. 
° S R - beftveen-laboratorfes standard deviation of ttw average. 
c /, = 2.83 S„ and 
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TABLE 5 Precision, Procedure B (Values In ^10 mln) 



Material 


Condition 


Average 


5/ 




If 




Number of 
Laboratories 


Po-'yethylene 


190/2.V6 


0.27 


O.009 


0.014 


0.026 


0.009 


8 


Po>"yetfiytene 


190/2.16 


0.40 


0.016 


0.027 


0.045 


0.O76 


8 


Polyethylene 


190/2.16 


2.04 


0.040 


0.094 


0.112 


0.266 


9 


Polyethylene 


190#-16 


43.7 


0.997 


1.B24 


2.619 


5.443 


8 


Polypropylene 


230/2,16 


2.25 


0.052 


0.214 


0.1466 


0.604 


8 


Polypropylene 


23072.16 


7.16 


0.143 


0.589 


0-4O51 


1.666 


8 


Ptfyprr^pyiene 


230/2.16 


32.6 


0.693 


0.946 


1.959 


2.672 


8 


Polystyrene 


200/5 


1.65 


0.037 


0.166 


0.106 


0.470 


4 


Polystyrene 


200/5 


8.39 


0.144 


0.423 


0/106 


1.197 


4 


Polystyrene 


200/5 


13.0 


0.108 


0.387 


0-306 


1.097 


4 


*5 f * mthfn- laboratory standard deviation of the aver a go. 



* Sff = behr/eerHaboralDites standard do vial tor* of the average. 
c /,= 2 83S„ ard 
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TABLE 6 Precision, Procedure A (Values In gf10 min) 


Material 


ContffJoo 


Average 








FP 


Number <rf 
Labs 


PMMA 
LOPE 
Polystyrene 
HOPE 

Polypropylene 
Polycarbonate 
Aceta! 


23CK3.8 

190/2.16 

200/50 

190/2.16 

230(2.16 

30071.2 

190/2.16 


1.51 
1.74 
1.86 
5.35 
1094 
13.59 
25.30 


0.013 
0.027 
0.040 
0.049 
0.0B8 
0.109 
0.235 


0.086 
0.052 
0.085 
0.103 
0.473 
0.233 
0.571 


0.007 
0v075 
0.112 
0.137 
0247 
0305 
0j658 


0.242 
0 144 

0238 
0.Z8B 
1.324 
0.653 
1399 


7 
11 
9 
11 
10 
4* 
7 



A S , = withlrvfahoratory standard deviation of the average. 

° Sf,^ betwecn-laboratories standard devlaSoo of ;he average. 

C r-2B3SV 

°/?=2.83S /1 . 

f Insufficient laboratories to meet Practice E 691. 
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TABLE 7 


Precision, Procedure B (Values In 


g/1D mtn) 






Material 


Condition 


Average 






r* 


FP 


Number of 
Labs 


PMMA 


230/3.8 


1.54 


0.026 


0.102 


0.072 


0288 


6 


LOPE 


190/2.16 


1.76 


0.O15 


0.053 


0.042 


0.149 


11 


Polystyrene 


20O/5.O 


1-89 


0.042 


0.102 


0.117 


0285 


7 


HOPE 


19072.16 


5/41 


0.041 


0.113 


0.114 


0.316 


10 


Polypropylene 


230/2.16 


10.96 


0-357 


0.491 


0.999 


1.376 


10 


Polycarbonate 


300/12 


13.79 


0.104 


0.477 


0292 


1335 


3* 


Aceta) 


19072.16 


25.64 


0.182 


0.822 


0308 


2.302 


6 



A S f = with In- laboratory standard deviation ol the average. 
3 = between-taboratorfes standard deviation of (he average. 
c / = 263 5,. 
^R= 2.83 

£ insufficient laboratonei to meel Practice E 691. 



TABLE 8 Precision, Procedure B (Values In gMOmln) 

rYaterJaJ Conditbn Average 5/ S n a If . 

'oypfopyfene 230/2.16 245 132 16.6 37.4 46.9 

Vyp/opyiene230/2.16 482 31.8 40.0 89.9 113 

^yprepylene23Q/2.t6 637 20.9 58.6 59.1 166 

yyproprytene23u72.16 1603 129 243 365 688 

* S r = within -laboratory standard deviation of the average. 

9 S„ = bet^een-taboralorfes standard deviation of the average. 
g> c i> 2.83 S„ and 
io °I R = 2.83 S„. 

~7~ 

5 13.2,7 Insert the die and ihe piston. The temperature of the 
Jc* cylinder with the piston and die in place must be stable at the 
5" appropriate test temperature 15 min before testing is begun. 
^ When equipment is used repetitiousiy, it should not be neces- 

6 sary to heat the piston and die for 15 min. 

13.2.8 Remove the piston and place it on an insulated 
surface Charge the cylinder within 60 s with a weighted 



portion of the sample as given in Table 2 for the expected flow 
rate at the first test load. 

13.2.9 Allow rime for the material to soften and begin to 
melu and then purge some material to e position such that 
subsequent travel of the piston will position the lower scribe 
mark at the reference start position 7.0 ± 0.5 min from the 
completion of the charge. Purge must be completed at least 2 
min prior to start of the test for materials having melt flow rates 
less than 10 g/10 min (see Note 18). 

13.2.10 Weight and piston support, if needed, must be used 
after the initial purge. The support will be removed at such a 
time as to allow the timer to activate within 7.0 ± 0.5 min after 
completion of the charge. If the timer is not activated within 
7 ± 0.5 min after the completion of the charge, the test must be 
repeated with readjusted piston position after the initial purge, 
or change weights. The piston/weight support should be of 
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such a length thai the lower scribe mark of the supported 
piston/weight will be at least 25 mm above the top of the 
cylinder. Only use piston support if there is excessive material 
flow (sec Notes 21 and 22). 

13.2.11 If the material flows from the die when both the 
piston and weight are supported, a die plug must be used. The 
die plug is inserted before charge and is removed prior to 
removing the piston/weighl support. The initial charge should 
be adjusted to reduce excess flow. If the timer arm is cot 
activated within 7 ± 0.5 min after the completion of the charge 
the test must be repeated with readjusted piston position, or 
change weights (see Notes 21 and 22). (Warning — Rapid 
expulsion of material when die plug is removed may be 
hazardous.) 

13.2.12 If the timed txtrudate contains visible bubbles, 
repeat the test (see Note 23). 

13.2.13 Record the tiroes to the nearest 0.01 s for a 
ourumum of two piston travel distances for each test load. 
Piston travel distances shall be chosen so that these times are 
at least 2 s and that the distances can be determined within 
±0.4%. 

13.2.14 After at least two measurements have been taken at 
the ioitial load condition, change to the next test load and allow 
for sufficient piston travel or time to achieve stable flow before 
re cording the piston travel times at this load. Do not take 
readings below 18.6 ram above the top of the die. 

Norm 26— Normally 5 mm of piston travel or 2 minutes is sufficient to 
obtain stable flow after changing test loads. 

13.2.15 Repeat the above for any additional test loads. Do 
not take any readings below 18.6 mm above the top of the die. 

13.2.16 Discharge any remaining resin and clean the die, 
piston, and cylinder as detailed in 9.11. 

13.3 Calculations'. 

13.3.1 Calculate the individual flow rate values in accor- 
dance with Section 12 (Procedure B). 

13.3.2 If the differences between the individual flow rates at 
each lest load is no greater than 3 %, calculate die average flow 
rate for each test load. If differences are >3 % repeat the test 
To achieve stable flow after applying each test load, it may be 
necessary to increase the time or the piston travel distance 
before taking a measurement. 

13.3.3 Calculate the Flow Rate Ratio (FRR) as the ratio of 
the average flow rate at the higher load to the average flow rate 
at the lower load. 

14. Report 

14.1 Report the following irfformation: 

14.1.1 Statement indicating the nature and physical form of 
the material charged to the cylinder. 

14. 1.2 Temperature and load ai which the test is run shall be 
reported. The results and test conditions can be referred to as 
FR-condition, where the standard designation for the condition 
from Table 1 is shown (for example, FR-190/2.J6). 

Note 27— It has become customary to refer to the flow rate of 
polyethylene as ""melt index** when obtained under Condition 190/2.16. 
However, for all other materials the use of meli index or any terra other 
than -flow rate" is discouraged, regardless of the condition used. 



14.1.3 Flow rate reported as the rate of extrusion in grams 
per 10 min or volume rate in cm 3 per 10 min. 

14.1.4 Procedure used (A, B, or C). 

14.1.5 Any unusual behavior of the tesi specimen such as 
discoloration, sticking, extmdate surface irregularity or rough- 
ness, etc. 

14.1.6 Details of conditioning, "if any. 

14.1.7 For multi-weight tests using Procedure D, also re- 
port: 

14.1.7.1 The average flow rate at each test load. 

14.1.7.2 The Flow Rate Ratio (FRR) together with the 
temperature and loads used (for example, FRR- 190/2 1.672.1 6). 

14.1.7.3 Whether the decreasing or increasing load tech- 
nique was used. 

15, Precision and Bias (Procedures A, B, and C) 
15.1 Precisiom 

15.1. 1 Tables 4 and 5 are based on a round robin 6 conducted 
in 1986 and 1987, involving polypropylene, polyethylene,^ 
polystyrene, polycarbonate and acrylic materials. Tables 6 and 
7 are based on a round robin 7 completed in 1997 involving low 
and high density polyethylene, polypropylene, polystyrene, 
polycarbonate, PMMA, and acetal. The number of participate 
ing laboratories is shown for each material. Data for Tables 4* 
and 5 were generated through each lab testing two specimens 
for each material on three different days, while data for Tables 
6 and 7 were generated through each lab testing two specimens 
for each material on two different days. The analysis in Practice 
E691 is based on a test result being the average of two 
specimens. 

15.1.2 Table 8 is based on a round robin 3 conducted in 1980 
using Procedure B. Four polypropylene samples having flowt 
rates from 250 to 1500 were tested in nine laboratories J 
(Warning — The following explanations of l^. and 1 R (15.1.4-*' 
15.1.6) are only intended to present a meaningful way of! 
considering the approximate precision of this test method. The* 
data in Tables 4-8 should not be vigorously applied to; 
acceptance or rejection of material since those data are specificj 
to the round robin and may not be representative of other lots,-; 
conditions, materials or laboratories. Users of this test method- 
should apply the principles outlined in Practice H691 to? 
generate data specific to their laboratory and materials. The;! 
principles of 15.1.4-15.1.7 would then be valid for such data.Jj 

15.1 .3 Table 9 is based on a round robin conducted in 1999J 
on Procedure C. Data for seven of the eight partiripating* 
laboratories were included in the statistics for this table. Font* 
polyethylene materials were tested with melt flow rates using; 
the standard die ranging from approximately 35 to 2350 g/lft 
min using the balf-height, balf-diameter die. " ] 

15.1.4 Concept of l t and / R — Retevant if S r and Sr have^ 
been calculated from a large enough body of data, and if test; 
results are averages obtained from testing two specimens. \ 

I 

: i 

* Supporting <bta are available from ASTM Headquarter*. Requeal RK: D20( 
1164. 

7 Supporting Jala are available from ASTM Headquarter*. tf 

8 Support^ data are available from ASTM Headquarter*. Urcpeu RR: D^> 
1124. 3 

7 
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TABLE 9 Precision Date for High Melt Flow Poty olefins 
Procedure C (Values In qHO mln)* 



Materials 0 


Average 






T 


R 


PEA (35) 


4.67 


0.068 


0.119 


0.191 


0.334 


PE B (185) 


24.30 


0.688 


1.168 


1.928 


3.270 


PE C (2150) 


315.7 


10.81 


19.89 


30.27 


55.69 


PE D (122) 


16-20 


o.iaa 


0.348 


0.526 


0.975 



*Tr*3 dala was generated with dies having a nominal length of 3.985 rrvn veisus 
he required 4 .000 mm. 

*Ni*nbere In parentheses are approximate meft flew rate values of mala rials 
King standard die (5.3). 



15.1.5 Repeatability, I t — In comparing two test results for 
he same material, obtained by the same operator using the 
iame equipment on the same day, the two test results should be 
udged no l equivalent if they differ by more than the I, value 
_ :or thai material. 

"~ 15. L6 Reproducibility, / R — In comparing two test results 
^ for the same material, obtained by different operators using 
S Efferent equipment on different days, the two test results 
q ihould be judged not equivalent if they differ by more than the 
S .3 value for that material. 

§ 15.1.7 Any judgment in accordance with 15.1.4 and 15.1.6 
S Aould have an approximate 95 % (0.95) probability of being 
S£ :orrect. 

S< 15.2 Bias — There are no recognized standards by which to 
^ :stimate bias of this test method. 

16. Precision and Bias (Procedure D) 
§pl 16.1 Precision 

^ 16.1.1 Procedure D used as many as nine laboratories, five 
V? Tiaterials and two determinations in order to come up with the 
following tables of precision supporting the method. This 
fir: Jieets or exceeds all the standards required for Practice E 691. 
cd 1 6.1.2 The degree of precision is quite high for all levels of 
~ .oads on the ram. The highest level of precision was attained 
?5 : or the 2.16 kg load, the lowest for the 21.6 kg load. It is 
t«i mponant to note that the 21.6 kg load Ls not optimum for the 
S tfiort [0.316 in.] die because the speed of testing does not allow 



for the flow to reach probably equilibrium rate. All such testing 
at 21.6 kg is much better done with a longer die such as used 
in Test Method D 3364. Refer to Table 10 for 2.16 kg load; 
Table 11 for 5 kg load; Table 12 for 10 kg load and Table 13 
for 21 .6 kg load. 



TABLE 10 PrecJsJon Statement tor Teat Method: 2.16 kg 



Materials 


Average 


s r 




r 


R 


PEI 


0.7567 


00079 


0.0323 


0.0220 


0.0904 


PE2 


0.42BB 


0.0060 


0.O277 


0.0168 


0.0776 


PE3 


0.5627 


0.0096 


0.0179 


0.0268 


0.0502 


PE4 


0.2627 


00043 


00182 


0.01 20 


O.0511 


PES 


0/4 1 04 


0.0079 


0.0119 


0.0222 


0.0334 


TABLE 11 Precision Statement for Test Method: 5 kg 


Materials 


Average 


s, 




r 


R 


PEI 


3.0561 


0.771S 


07609 


2,1602 


2.1865 


PE2 


1.9960 


0.0483 


0.0927 


0.1353 


0.2596 


PE3 


1.5621 


0.0260 


0.0462 


0.0729 


0.1293 


PE4 


00976 


0.2158 


0.2560 


0.6042 


0.716* 


PES 


1.2308 


00170 


00285 


0.0475 


0.0798 


TABLE 12 Precision Statement lor Test Method: 10 kg 


Materials 


Average 






r 


R 


PEI 


11.6641 


0.3065 


0.45S5 


0.8581 


1 2667 


PE2 


7.5768 


0.1266 


0.2751 


0.3544 


0.7704 


PE3 


4.1181 


0.0535 


0.1036 


0.1497 


0.2902 


PE4 


3.7693 


0 0538 


0.1125 


O.1507 


0.315! 


PES 


3,3471 


0.0228 


0.0647 


O.0638 


0.1812 


TABLE 13 Precision Statement for Test Method: 21.6 kg 


Materials 


Average 


s, 


s R 


r 


R 


PEI 


59.9335 


2.1012 


27667 


5.6833 


7.7469 


PE2 


36 2367 


1.4450 


1.4450 


4.0459 


40459 


PE3 


14.1078 


0.1662 


0.33S2 


0.4653 


0-9387 


PE4 


17.6132 


0.3324 


0.4256 


0.9308 


1.1924 


PES 


12,2652 


0.1104 


0.4590 


0.3090 


1.2851 



17. Keywords 

17.1 melt flow rate; melt index; volume flow rate 



APPENDIXES 
(Nonmandatory Information) 
XI. EXTRUSION PLASTOMETER BORE ALIGNMENT 



XL I A fixture consisting of a circular level mounted on a 
ihaft having two bearing points 9.47 + 0.00-0.0076 mm in 
hameter that can be inserted into the bore has been found 

00 suitable. A circular level that can be rigidly mounted on the 
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oo 
ro 
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oo 



piston rod for insertion into the bore may also be satisfactory. 
A circular level having a sensitivity of 20 min/2.5 mm has been 
found satisfactory. Other alignment techniques that give com- 
parable alignment sensitivity would be considered satisfactory. 
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